ABSTRACT
Brief exposure (30 min) of leaf-free mesophyll cells from the C-3 plant, Papaver somniferum to concentrations of sulfite (S0 2 + HS0 3 -+ so 3 -) up to 20 mM stimulated the rate of co 2 inc~rporation as much as 30%. In addition, the sulfite rapidly affects the metabolism of newly incorporated co 2 . Ammonia incorporation into glutamine and subsequent transamination reactions were stimulated during the short-term exposure 6 periods while glycolate metabolism apparently was inhibited by bisulfite at two points in the pathway. In addition, the results indicate that glycolate is the major precursor of glycine in these cells. Prolonged periods of exposure (24 h) to sulfite had somewhat different effects on carbon metabolism: the high concentrations (10-20 mM) severely inhibited all aspects of cellular metabolism while lower concentrations (1 mM) appeared to inhibit ammonia incorporation but stimulated synthesis of sucrose and starch.
The effects of the air pollutant, so 2 , on plant cell metabo"l ism are of increasing interest given the growing dependence of industrialized nations on combustion of high sulfur fuels for energy and consequent increased emissions of so 2 to the atmosphere. Numberous studies have been made in recent years on both morphological and biochemical effects (see 1, 19) . Unfortunately the results are often contradictory, probably due to the influence of other factors such as light, temperature, humidity, and period of exposure. Effects of S0 2 on whole plants or leaves include effect~ on overall gas exchange into the leaf (7, 18) . Given the possibilities for dissolved so 2 to react chemically as an acid as well as a bisulfite ion at various morphological and biochemical points in leaves and cells, it is desirable to sort out these reactivities with a simpler system.
The isolation and maintenance in liquid suspension of photosynthetically viable mesophyll cells from a C-3 plant (8) offers an excellent system in which to study biochemical perturbations by sulfite (so 2 + HS0 3 -+ so 3 =) on plant cell metabolism. Not only have the morphological restraints of the leaves been removed, but the cellular environment can be more accurate,ly maintained and described. With such a system it is possible to evaluate the effects of SO at different concentrations and 2 lengths of exposure. Such information could be useful in estimating the susceptibility of plants to damage or even to possible beneficial effects of so 2 under various physiological conditions.
MATERIALS AND METHODS
Cell Isolation. Mesophyll cells were isolated from a C3 plant, Papaver somniferum, using the enzyme pectinase as previously described (8) . Digestion medium (pH 5.7) and assay medium (pH 8.0} used were also as previously described except that bovine serum albumin was brought to 0.2% (w/v) in both and PVP was included at a con~entration of 0.1% (w/v).
Cells \'lere rna inta ined for 24 h in assay medium (12 h dark, 8°C
12 h light, 24°C) before commencing the assays. Thus control cells in the assays reflected the metabolic state of mesophyll cells in the leaf (8) . In a second experiment, part of the cells were maintained for 24 h in the presence of various concentrations of sulfite so that a comparison of short-term and long-term effects of sulfite could be made. ( Fig. 1 ). The increased fixation was found to be almost as high at elevated partial pressures of co 2 (0.4%) as at air level (0.038%) ( Table 1 ) .
Analysis of metabolic products revealed, not surprisingly, that bisulfite stimulated an immediate increase in pools of glycolate and a concomitant decrease in the glycine pool (Fig. 2 ). Somewhat unexpected, however, was another apparent effect of bisulfite on the Tolbert pathway (10 mt~ and 20 mM} were found to be quite inhibitory after 24 h of exposure.
The indicated permeability problems are discussed below.
DISCUSSION
Short-term Effects. The stimulation of co 2 incorporation by sulfite (HS0 3 -+ so 3 =} can only be partially accounted for by blockage of glycolate • 11 metabolism since the increased fixation is nearly as high at the elevated levels of co 2 as at air level (Table 1) . A comparable stimulation of photosynthesis in isolated chloroplasts has also been noted in the presence of up to 1 mM HS0 3
- (6) . No mechanism has been proposed.
In addition to effects on overall co 2 incorporation, interai.tion of bisulfite with glycolate metabolism was noted. The results indicate that at air level concentrations of co 2 , glycolate formation is largely responsible for glycine biosynthesis (Fig. 2) . (Table 2) . This may reflect a low permeability of the mitochondria for sulfite species. Of the related 13 intermediates, only glutamate accumulated faster than in the control cells, perhaps indicating a partial inhibition of glutamine synthetase since glutamine labeling was significantly reduced.
Cells incubated with sulfite for the extended time period were exposed to a much lower concentration (1 mM) than under the short-term incubation (10 mM). This fact is reflected in the apparent absenc~ of perturbation of glycolate metabolism after the prolonged incubation. As mentioned, long exposures to the higher concentrations of sulfite (10 mM or 20 mt1) resulted in severeinhibition of all aspects of cellular metabolism.
Conclusion. At first glance, the stimulation of photosynthesis by short-term exposures to sulfite species appears to contradict the results of others. In the review by Ziegler (19) , it is mentioned that sulfite always inhibits photosynthesis when present in concentrations exceeding 1 mM. Although 10 mM sulfite ~bisulfite was used in the short~term experiments, the concentration of HS0 3 -inside the cells was probably much lower.
At the pH used in the assay {pH 8.0) and with a pK 2 = 6.9 most of the sulfite species exists outside the cell as so 3 = (less than 10% is HS0 3~ while S0 2 is negligable at this pH). The rapidity by which sulfite was seen to affect the flow of photosynthate is an indication that the plasmalemma has a rela~ tively high permeability for at least one of the sulfite species but not necessarily both. If that permeability is only for HS0 3 -then the effective concentration outside the cell would be less than 1 mM instead of lo mt·1.. In addition, an intracellular pH between 7 and 8 would result in a significant shift of newly acquired H$0 3 -to so 3 =. Under the short-term incubations, organelles such as chloroplasts may thus be exposed to sufficiently small concentrations of the active species of sulfite to allow for a stimulation 14 of co 2 fixation. Such a stimulation has been reported with isolated spinach chloroplasts at concentrations of sulfite species up to 1 mM (6).
The interpretation of HS0 3 -as the active species is consistent with the findings of Hill (3) 
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